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Risk perception of arsenic exposure from rice
intake in a UK population
Debapriya Mondal 1, Tasila Mwale1, Lingqian Xu2, Helen Matthews3, Anuli Oyeka1, Gemma Lace-Costigan1 &
David A. Polya2
ABSTRACT In the UK, consumption of rice and rice-based products is on the rise but,
notwithstanding public expressed concerns about such products as an exposure route for
arsenic (e.g., BBC News report, 2017 ‘Should I worry about arsenic in my rice?') there are few,
if any published data on public perceptions of risks associated with exposure to arsenic in
rice. We therefore aimed to determine the risk perception of arsenic exposure from rice
intake and factors that are associated with arsenic knowledge and whether or not this
knowledge had an inﬂuence on rice consumption and cooking practices. A questionnaire,
targeting participation of rice-eating ethnic minorities in Greater Manchester, UK, was
administered to 184 participants. A multivariate generalised linear model was used to
determine the factors associated with rice consumption behaviour, cooking practices, and risk
perception. We show for the ﬁrst time that the general population did not associate arsenic,
which they perceive as toxic to health, with rice consumption. More than half of the parti-
cipants knew about arsenic as a hazardous substance but less than ten percent knew that rice
consumption could be an important route of arsenic exposure. Knowledge of arsenic was
signiﬁcantly lower in Asian/Asian British:Pakistanis (Pakistani) (OR: 0.006; 95%
CI:0.00–0.03) and Asian/Asian British:Bangladeshis (Bangladeshi) (OR: 0.064; 95%
CI:0.01–0.25) compared to White:English/Welsh/Scottish/Northern Irish/British (White
British). Moreover, Bangladeshis consumed three times more rice (OR: 2.92; 95%
CI:1.73–4.93) compared to White British. Overall higher rice consumption was not associated
with higher knowledge of the nutritional value of rice. Rinsing rice before cooking, an effective
arsenic removal technique, was practised by 93% of the participants; however, the most
popular cooking method was the use of adequate water (rice to water ratio of 1:2) but not
excess water (rice to water ratio of >1:4), the latter being more effective in removing arsenic.
Better education, higher weekly expenditure on food and prior knowledge of arsenic hazard
were all signiﬁcant factors positively inﬂuencing a change in behaviour to reduce arsenic
exposure from rice intake.
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Introduction
R ice is a staple food for more than half of the world’spopulation, especially in Asia, Africa and some LatinAmerican countries. Although per capita rice consumption
in the UK is relatively low, there has been an increase in its
consumption due to its palatability, low allergenic potential, food
diversiﬁcation, and immigration (Schenker, 2012). Mean weekly
rice consumption in the UK between 2016 and 2017 was around
90 g/week with this ﬁgure being much higher for various ethnic
groups. Bangladeshi communities are by far the largest per capita
rice consumers in the UK (Statista, 2019; Cascio et al., 2011).
Although rice is a source of nutrients such as carbohydrates,
proteins, vitamins and minerals as well as being a source of
dietary ﬁbre (Schenker, 2012), it is also a major route of inorganic
arsenic exposure (Adomako et al., 2009; Mondal et al., 2010;
Mondal and Polya, 2008). Rice typically contains higher inorganic
arsenic concentrations than other grains such as wheat and barley
(Davis et al., 2017; Su et al., 2010). Arsenic is a class I carcinogen
and can cause skin, bladder, liver, renal and lung cancer in
humans (International Agency for Research on Cancer, 2012;
Lynch et al., 2017). Other health risks include skin lesions,
abdominal pain, diarrhoea, diabetes, hypertension, poor mental
development, respiratory disorders and cardiovascular diseases
(Naujokas et al., 2013), hence making it a public health concern.
Emerging studies indicate arsenic exposure from rice consump-
tion can lead to detrimental health effects, such as genotoxicity, as
was suggested by elevated urothelial cell micronuclei frequency in
a study population in West Bengal, India consuming cooked rice
with arsenic greater than 200 µg/kg (Banerjee et al., 2013).
Moreover, direct evidence of arsenic in rice related exposure is
well explored in the review by Davis et al. (2017) signifying intake
of rice to be associated with increased urinary arsenic across
several studies. Relationship between rice consumption with
arsenic biomarkers was clearly demonstrated in few other studies
such as positive association between steamed rice consumption
with total urinary arsenic and prevalence of skin lesions in
Bangladesh (Melkonian et al., 2013); increase in urinary arsenic
species with increased consumption of rice in NHANES study
(deCastro et al., 2014); positive association between rice con-
sumption and urinary arsenic excretion in US pregnant women
(Gilbert-Diamond et al., 2011); and association between maternal
rice consumption during pregnancy with infant toenail total
arsenic indicating that dietary exposure from rice during preg-
nancy resulted in fetal exposure (Davis et al., 2014). With billions
of people consuming rice as a staple food across the world and
several percent of this rice containing elevated arsenic con-
centrations (Banerjee et al., 2013), populations not exposed to
arsenic from contaminated water (e.g., in the UK) can be exposed
to inorganic arsenic via consumption of rice. To date, there has
been no study investigating public risk perception of arsenic
exposure from rice intake. While this is of greater signiﬁcance in
countries with rice dominated diet and with high arsenic con-
centrations in rice due to cultivation with arsenic contaminated
water, such as in South and Southeast Asia, understanding rice
eating habits and knowledge of arsenic exposure from rice in
countries such as in UK, where intake of rice for certain ethnic
groups is very high (Cascio et al., 2011), is of equal importance.
Due to concerns about health risks from arsenic exposure as a
result of food consumption, in 2010, the Joint FAO/WHO Expert
Committee on Food Additives (JECFA) recommended an upper
limit of 3 µg/kg bw/day for inorganic arsenic exposure using the
benchmark dose lower conﬁdence limit for a 0.5% (BMDL0.5)
increased incidence of lung cancer. This replaced the former limit
of 15 µg/kg bw/day. Furthermore, the European Food Safety
Authority (EFSA) recommended a range between 0.3–8 µg/kg
bw/day of inorganic arsenic exposure based on 1% increased
incidence in lung, skin and bladder cancer and skin lesions
(Cubadda et al., 2017). In 2014, JECFA recommended a max-
imum level of 200 µg /kg of inorganic arsenic in polished rice
(white rice) and 400 µg /kg for brown rice (EFSA, 2014), however,
as the recommendation is nonbinding, this is not enacted through
regulation in many countries, with the notable exceptions of
China and the countries of the European Union. Additionally, in
line with recent changes in European Union directives, the UK
Food Standard Agency recommended the maximum permissible
level of 300 µg /kg of inorganic arsenic in rice-based products,
while for infants and young children the limit was set at
100 µg/kg (FSA, 2018).
The arsenic content of cooked rice depends on many factors
including rice variety (Islam et al., 2016), the region where it is
grown (Adomako et al., 2009), irrigation method (Islam et al.,
2016), and cooking method (Mandal et al., 2019; Mwale et al.,
2018). Thus, for consumers in the UK, useful techniques for
reducing inorganic arsenic exposure include (i) selection of rice
varieties with low inorganic arsenic and (ii) the use of appropriate
simple cooking methods, including the use of excess water and
water with low arsenic content for cooking (Mwale et al., 2018).
BBC News (2017) report ‘Should I worry about arsenic in my
rice?', the British Nutrition Foundation (2017) and Consumerre-
ports (2012) give some relevant information on limiting arsenic
exposure from rice and rice-based products, whilst the Food
Standards Agency (2018) provides advice with respect to the use
of rice milk for children under the age of ﬁve years. In addition to
the availability of clear and appropriate authoritative advice, the
adoption of appropriate change in rice eating habits to reduce
exposure to inorganic arsenic is largely determined by consumer
awareness, behaviour and risk perception (Coi et al., 2016).
The aim of this study therefore was to determine the level of
knowledge of arsenic as an environmental risk, amongst different
rice-eating ethnic communities of Greater Manchester and whe-
ther or not this knowledge had an inﬂuence on behaviour in
relation to consumption and/or preparation of rice. To the best of
our knowledge, this is the ﬁrst study on risk perception of rice as
a potential source for arsenic exposure in the UK.
Methods
Survey design. A questionnaire survey was conducted between
December 2016 and April 2017. The study sites were chosen with
the help of the 2011 Census data obtained from Manchester City
Council Intelligence Hub (Council, 2019). Wards containing a
high percentage of ethnic minorities were selected to ensure 50%
of targeted participants in the survey were from high rice-eating
ethnic groups. Moss Side was selected for the Black/African/
Caribbean/Black British (African/Caribbean), and Longsight for
Asian/Asian British: Bangladeshi (Bangladeshi), and Asian/Asian
British: Pakistani (Pakistani) populations, participation from
those sites was restricted to these three ethnicities. Finally,
Moston was selected for White: English/Welsh/Scottish/Northern
Irish/ British (White British) as a comparison group. Volunteers
were recruited from community centres, markets, mother and
toddler groups, restaurants and places of worship. Permission was
sought from the person in charge of each selected location and
the date of survey was agreed. On the day of the survey, parti-
cipants visiting the locations were presented with an information
sheet and a consent form before the questionnaire was admi-
nistered. Only those adult participants who gave informed con-
sent and belonged to any of the four ethnic groups as speciﬁed
above took part in the survey. The study was approved by the
University of Salford Ethics Committee. All experiments were
performed in accordance with relevant guidelines and regulations.
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Data collection. A pilot survey was carried out to determine the
clarity, suitability of terminology, and average time required for
completion of the questionnaire. Based on the preliminary data
from the pilot study, modiﬁcations were carried out to improve
the efﬁcacy of the survey. The questionnaire survey was then
administered, typically taking approximately 25–30-min to
complete per volunteer. Data were collected by three researchers,
each at different times during the survey period.
The questionnaire included demographic information (age,
gender, ethnicity, education, occupation, housing, weekly expen-
diture on food, use of different media); questions on (a)
knowledge of arsenic; (b) beneﬁts of rice consumption; (c)
amount of rice consumption; (d) consumption of other grain and
pulses; (d) rice preparation practices; and (e) risk perception
(Table S1).
Data analysis. Descriptive statistics including frequency and
association between variables using χ2 cross tabulation, t-test, and
Fisher’s exact test were used to characterise the studied popula-
tion. The dependent/outcome variables examined were (a) rice
consumption; (b) cooking practices (both rinsing and rice to
water ratio for cooking); and (c) risk perception (perceived
change towards rice consumption as a result of this survey).
A generalised linear model (GLM) was used to determine the
factors potentially associated with the outcome variable. Appro-
priate functions were used to generate the best ﬁtting model
predicting the outcome using step wise forward regression.
Multivariate GLM was used to determine the covariate adjusted
association between the independent variables: (a) knowledge of
arsenic (risk) and (b) nutritional knowledge of rice (beneﬁt) and
the outcome variables. The ﬁrst step was to calculate the
contribution of the independent variables (crude model) and
then the second step was to include additional factors: gender,
age, education, occupation, use of media, type of housing,
consumption of other grains, and expenditure on food (adjusted)
in order to assess the improvement to the overall prediction, and
association of each of those factors to the best ﬁtting model.
Akaike’s Information Criterion (AIC) and model deviance values
were used to select the best-ﬁtted linear model. R statistical
software, version 3.4.3 (R Foundation for Statistical Computing)
and STATA 11.2 (StataCorp, 2011) were used for the data
analysis.
Results and discussion
Characterisation of survey participants by ethnic groups. A
total of 184 participants took part in the survey, of which 59%
were ‘non-White British’(Asian/Asian British: Pakistani, Asian/
Asian British: Bangladeshi and/or Black/African/Caribbean/Black
British: African/Caribbean).We found signiﬁcant differences in
demographic parameters and rice eating habits among the four
ethnic groups (Table 1).
Knowledge of arsenic (Risk) and nutritional knowledge of rice
(Beneﬁt). When the participants were asked ‘if they had ever
heard of arsenic’, 56% (n= 103) answered in the afﬁrmative and
all conﬁrmed that they ‘believe arsenic is toxic to human health’.
Being male, older, living as a tenant compared to being a house
owner, and having higher education attainment were all sig-
niﬁcantly associated with greater knowledge of arsenic risks
(Table 2).
There was greater awareness of arsenic risk in the White British
volunteers (92%) than for the non-White British (31%). Of those
who had heard of arsenic, only 12% (n= 12 out of 103) said “yes”
when asked ‘if they believe that it is possible for humans to have
arsenic exposure from rice intake’. Due to such a low number, all
analysis on arsenic knowledge was restricted to knowing about
arsenic rather than knowing rice to be a potential route of arsenic
exposure. The Pakistani ethnic group had the highest percentage
(89%) of participants who had never heard of arsenic, followed by
the Bangladeshis (58%) and compared to White British, both
ethnic groups had signiﬁcantly lower knowledge of arsenic risks
(Table 2). The only signiﬁcant factor associated with nutritional
knowledge of rice was the use of media, with participants using
media substantially were three times more likely to know the
nutritional beneﬁts of rice.
Rice consumption behaviour and cooking practices. White
British were found to consume a greater amount of rice
per serving but at a lower frequency compared to the combined
ethnic group. At the time of the survey there was no Food
Standards Agency guideline on rice consumption in the UK, but
the Swedish National Food Agency advises consumers to limit
adult consumption of rice and rice-based products to six times a
week (Ankarberg et al., 2015). Over 80% of the Bangladeshi
participants were consuming just rice over this recommended
frequency (Table 1) and their daily rice intake was found to be
three times (95% CI 1.73–4.93) that of White British. Using data
from the DEFRA Expenditure and Food Survey, Meharg and
Zhao (2012) also found that Asian-Bangladeshi are the largest
consumer of rice in UK, purchasing over 30 times more rice than
the average White British person. Whilst there is agreement
between the two studies qualitatively, the quantitative differences
may reﬂect one or more of (i) increased rice consumption in
White British between 2012 and 2017; and (ii) the urban White
British volunteers surveyed in the current study not being wholly
representative of the UK wide White-British population.
The rice variety consumed by most of the participants was
basmati rice (81%). On the other hand, only 3% of the surveyed
population reported consuming wild rice, which was the least
consumed variety. Most (64%) of the participants purchased their
rice from local supermarkets whilst 59% purchased theirs from
African or Asian shops, some of which were also local
supermarkets. Of vegetables, meat, ﬁsh, milk and ‘other’, the
most popular rice accompaniment was meat whilst the least
was milk.
Based on the crude model the percentage contribution of
different independent variables on the overall variability of rice
consumption were: age (8.1%, p= < 0.001), occupation (6.3%,
p= < 0.001), ethnicity (6.1%, p= < 0.001), housing (4.4%,
p= 0.003), and education (2.6%, p= 0.024). After adjusting for
covariates, rice intake was found to be signiﬁcantly higher in
Bangladeshis, participants living as tenants or in other places over
house owner, and those employed compared to unemployed
(Table 3).
Rinsing the rice before cooking was practiced by 93% of the
participants (Table 1). Washing rice before cooking can
effectively remove around 10% of the total and inorganic arsenic
from basmati rice but is less effective for other rice types (Raab
et al. 2009). Based on the crude model, intake of other grains
(5.6%, p= 0.025), arsenic knowledge (5.4%, p= 0.026), education
(4.1%, p= 0.056), and expenditure on food (4.0%, p= 0.056)
were found to be signiﬁcantly associated with rice rinsing but
none of the factors were found to be signiﬁcantly associated in the
adjusted model. While 18% of the White British said they prefer
to cook rice without rinsing, this was signiﬁcantly different in
non-White British communities who prefer to wash rice before
cooking with less than 1% of these participants cooking rice
without rinsing. The most popular rice cooking method was the use
of rice to water in a ratio of 1:2, practiced by 74% of White British
and 67% of the non-White British, while the use of excess water,
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Table 1 Differences in socio-demographic variables between the four ethnic groups
Demographic Variable White: English/Welsh/
Scottish/ Northern
Irish/ British (n= 75)
Asian/Asian
British: Pakistani
(n= 62)
Asian/Asian British:
Bangladeshi (n= 31)
Black/African/
Caribbean/Black
British (n= 16)
non-White
Britisha (n= 109)
Total (n= 184) p valueb
Age: Mean years
(standard deviation)
48.6 (12.8) 38.6 (12.6) 40.8 (14.1) 53.8 (16.1) 41.4 (14.4) 44.4 (14.2) <0.001c
Gender: Percentaged (Count)
Male 45.3 (34) 40.3 (25) 16.1 (5) 25.0 (4) 31.2 (34) 37.0 (68) 0.025
Female 54.7 (41) 59.7 (37) 83.9 (26) 75.0 (12) 68.8 (75) 63.0 (116)
Education: Percentage
(Count)
Primary 10.7 (8) 22.5 (14) 32.3 (10) 18.8 (3) 18.0 (18) 19.0 (35) 0.002
Secondary 66.7 (50) 40.3 (25) 25.8 (8) 37.5 (6) 39.0 (39) 48.4 (89)
Higher Education
(College/University)
22.7 (17) 37.1 (23) 41.9 (13) 43.8 (7) 43.0 (43) 32.6 (60)
Housing: Percentage
(Count), missing value= 1
House owner 33.3 (25) 47.5 (29) 38.7 (12) 25.0 (4) 41.7 (45) 38.3 (70) 0.258
Tenant and Others 66.7 (50) 52.5 (32) 61.3 (19) 75.0 (12) 58.3 (63) 61.7 (113)
Occupation: Percentage
(Count)
Self employed 32.0 (24) 41.9 (26) 6.5 (2) 0.0 (0) 25.7 (28) 28.3 (52) <0.001
Employed 30.7 (23) 19.4 (12) 22.6 (7) 37.5 (6) 22.9 (25) 26.1 (48)
Unemployed 37.3 (28) 38.7 (24) 71.0 (22) 62.5 (10) 51.4 (56) 45.7 (84)
Average weekly spending
on food: % (Count)
<£20 13.3 (10) 21.0 (13) 16.1 (5) 18.8 (3) 19.2 (21) 16.8 (31) 0.016
£20-£50 70.7 (53) 40.3 (25) 54.8 (17) 68.8 (11) 48.6 (53) 57.6 (106)
> £50 16.0 (12) 38.7 (24) 29.0 (9) 12.5 (2) 32.2 (35) 25.5 (47)
Rice consumption
frequency per week:
Percentage (Count)
Up to six times a week
(recommended)e
98.7 (74) 96.8 (60) 19.4 (6) 93.8 (15) 74.3 (81) 84.2 (155) <0.001
More than six
times a week
1.3 (1) 3.2 (2) 80.6 (25) 6.2 (1) 25.7 (28) 15.8 (29)
Amount of rice
consumption each time:
Percentage (Count),
missing= 1
Less than 1 cup (200 g) 13.3 (10) 24.6 (15) 35.5 (11) 31.3 (5) 28.7 (31) 22.4 (41)
47.0 (86)
0.042f
1 cup 50.7 (38) 39.3 (24) 51.6 (16) 50.0 (8) 44.4 (48)
2 cups or more 36.0 (27) 36.1 (22) 12.9 (4) 18.7 (3) 26.9 (29) 30.6 (56)
Rinsing: Percentage
(Count), missing= 8
Yes 82.1 (55) 100.0 (62) 100.0 (31) 93.8 (15) 99.1 (108) 92.6 (163) <0.001
No 17.9 (12) 0.0 (0) 0.0 (0) 6.3 (1) 0.9 (1) 7.4 (13)
Rice to water ratio:
Percentage (Count),
missing= 14
1: 1 (limited water) 6.1 (4) 17.2 (10) 3.3 (1) 25.0 (4) 14.4 (15) 11.2 (19) 0.044 f
1: 2 (required amount
of water)
74.2 (49) 62.1 (36) 73.3 (22) 75.0 (12) 67.3 (70) 70.0 (119) 18.8 (32)
> 1:4 (excess water) 19.7 (13) 20.7 (12) 23.3 (7) 0.0 (0) 18.3 (19)
Inherited cooking
practices: Percentage
(Count), missing= 7
Yes 78.6 (55) 96.7 (58) 90.3 (28) 87.5 (14) 93.5 (100) 87.6 (155) 0.019
No 21.4 (15) 3.3 (2) 9.7 (3) 12.5 (2) 6.5 (7) 12.4 (22)
Rice consumption at:
Percentage (Count)
Breakfast 5.7 (4) 6.7 (4) 0.0 (0) 7.1 (1) 4.9 (5) 5.2 (9) <0.001
Lunch 24.6 (17) 26.3 (15) 80.6 (25) 64.3 (9) 48.0 (49) 38.6 (66)
Dinner 60.3 (44) 48.4 (30) 77.4 (24) 81.3 (13) 61.5 (67) 61.0 (111)
Consumption of other
grains: Percentage
(Count)
Yes 84.0 (63) 79.0 (49) 77.4 (24) 87.5 (14) 79.8 (87) 81.5 (150) 0.759
No 16.0 (12) 21.0 (13) 22.6 (7) 12.5 (2) 20.2 (22) 18.5 (34)
Substantial use of Mediag:
Percentage (Count)
Low use 48.0 (36) 75.8 (47) 58.1 (18) 50.0 (8) 67.0 (73) 59.2 (109) 0.007
High use 52.0 (39) 24.2 (15) 41.9 (13) 50.0 (8) 33.0 (36) 40.8 (75)
Knowledge of arsenic:
Percentage (count)
Yes 92.0 (69) 11.3 (7) 41.9 (13) 87.5(14) 31.2(34) 56.0 (103) <0.001
No 8.0 (6) 88.7 (55) 58.1 (18) 12.5 (2) 68.8 (75) 44.0 (81)
aThe Pakistani, Bangladeshi and African/Caribbean were combined to form one group, referred to as ‘non-White British’
bFisher’s exact test (testing the signiﬁcant differences between the frequency distribution of categorial variables among the four ethnic groups)
cOne-way ANOVA (testing the signiﬁcant differences between the mean age of the four ethnic groups)
dPercentage in parentheses by column
eRecommended by Swedish National Food Agency (Ankarberg et al., 2015)
fNot signiﬁcant if Pearson Chi2 test is used
gcombining information on access to television, radio, internet, and frequency of listening to news and reading news papers
ARTICLE PALGRAVE COMMUNICATIONS | https://doi.org/10.1057/s41599-019-0297-7
4 PALGRAVE COMMUNICATIONS |            (2019) 5:89 | https://doi.org/10.1057/s41599-019-0297-7 | www.nature.com/palcomms
which can remove between 15 to 63% of rice arsenic (Mwale et al.
2018), was less popular. There was no particular factor signiﬁcantly
associated with cooking behaviour but compared to White British
(79%) a higher percentage of non-White British participants (94%)
revealed that their rice cooking practices were inherited (Table 1),
even though cooking in excess water is widely practised in
Bangladesh and Africa (Mwale et al. 2018).
Apart from rice consumption, the participants were also asked
about consumption of other rice-based products. The most
popular rice-based product consumed by 39% of the participants
(at least once a day), was crisped rice. In a UK market-based
study, total arsenic concentrations in crisped rice was found to be
high (average 210 µg/kg), with a high percentage of inorganic
arsenic (86%) content (Sun et al., 2009). Hence, cumulative
arsenic exposure from both rice and rice-based products in this
studied population is of concern.
Risk perception and attitudes towards changing rice eating-
habit. This study also investigated any change in attitude towards
reduced rice consumption as a result of the survey, which clearly
communicated some possible risk of detrimental arsenic exposure
from rice intake to the participants during the 30-min ques-
tionnaire survey. Only 29% of the participants mentioned any one
of the potential changes, such as consuming less (quantity or
frequency) rice or consuming other grains instead of rice.
According to Rundmo and Nordfjaern (2017), knowledge of the
hazard determines risk perception and behaviour and it is not
primarily the risk, but the risk source that is perceived. However,
in this study, most participants did not associate arsenic, which
they perceive as toxic to health, with rice consumption; hence,
perception of risk of arsenic exposure from rice consumption
is low.
Food may simultaneously be associated with risks, such as
exposure to contaminants, and beneﬁts, such as nutritional
advantages (Kaptan et al., 2017). We found those with arsenic
knowledge were four times more likely to change and those with
nutritional knowledge of rice were signiﬁcantly (62%) less likely
to change their rice eating habit compared to those without the
respective knowledge. Participants who spend more on food and
with a higher education attainment were more likely to change.
While 35% of White British said they would change their
behaviour but when other ethnic groups were compared to White
British (as reference) it was the African/Caribbean who were four
times more likely to change (Table 4). Among theAfrican/
Caribbean participants 87% knew about arsenic, though the
number of participants was low (n= 16). Both Pakistani (OR:
0.52; 95% CI: 0.14–1.93) and Bangladeshi (OR: 0.71; 95% CI:
0.20–2.51) participants were less likely to change their rice eating
habit compared to White British. Though knowledge of arsenic
was signiﬁcantly higher in participants with higher educational
attainment (OR: 12.27; 95% CI: 2.44–61.70), overall, rice
consumption was independent of educational status and knowl-
edge of arsenic as a hazard. Hence, factors assumed to be
important in the conceptualisation of risk perception may not be
a fruitful basis for understanding how people perceive risks and
Table 2 Factors associated with general arsenic knowledge and knowledge of nutritional value of rice
Arsenic knowledge Knowledge of nutritional value of rice
Factors Odds Ratio 95% CI p Odds Ratio 95% CI p
Age 1.06 1.01–1.11 0.005 0.98 0.94–1.01 0.275
Gender (Reference: Male)
Female 0.24 0.06–0.88 0.031 0.79 0.29–2.12 0.644
Ethnicity (Reference: White: English/Welsh/Scottish/Northern Irish/ British)
Asian/Asian British: Pakistani 0.006 0.00–0.03 <0.001 1.23 0.44–3.45 0.685
Asian/Asian British: Bangladeshi 0.064 0.01–0.25 <0.001 0.46 0.13–1.51 0.203
Black/African/ Caribbean/Black British 0.291 0.04–1.97 0.207 2.05 0.37–11.10 0.405
Housing (Reference: house owner) Tenants
and others
3.70 1.12–12.18 0.031 0.71 0.29–1.75 0.466
Occupation (Reference: Unemployed)
Self employed 0.89 0.18–4.31 0.893 1.02 0.33–3.12 0.965
Employed 2.09 0.57–7.65 0.261 1.70 0.55–5.19 0.349
Education (Reference: primary)
Secondary 1.45 0.34–6.17 0.608 0.38 0.11–1.38 0.144
Higher 12.27 2.44–61.70 0.002 0.38 0.10–1.39 0.146
Media use (Reference: low) High 0.95 0.33–2.72 0.922 3.64 1.42–9.31 0.007
Odds Ratio determined using GLM with binomial family and logit link function; for Arsenic Knowledge: AIC= 133; Deviance/df= 0.64, N= 183; For Knowledge of nutritional value of rice: AIC= 187;
Deviance/df= 0.99, N= 176
Bold values indicates statistically signiﬁcant results compared to other factors
Table 3 Factors associated with rice consumption behaviour
Daily Rice consumption (g)
IRR 95% CI p value
Arsenic knowledge 0.77 0.51–1.15 0.202
Knowledge of nutritional value
of rice
1.24 0.82–1.88 0.295
Ethnicity (Reference: White: English/Welsh/Scottish/Northern Irish/
British)
Asian/Asian British: Pakistani 0.79 0.50–1.25 0.321
Asian/Asian British: Bangladeshi 2.92 1.73–4.93 <0.001
Black/African/ Caribbean/Black
British
1.00 0.55–1.82 0.999
Housing (Reference: house owner)
Tenants and others 1.98 1.40–2.81 <0.001
Occupation (Reference: Unemployed)
Self employed 1.46 0.97–2.22 0.069
Employed 2.11 1.40–3.18 <0.001
Education (Reference: primary)
Secondary 0.69 0.44–1.06 0.096
Higher 0.96 0.59–1.55 0.861
Signiﬁcant use of media (Reference No)
Substantial use of media 1.22 0.86–1.75 0.265
Age 0.99 0.98–1.01 0.442
Incidence rate ratio (IRR) determined using GLM with negative binomial family and log link
function
AIC= 2000; Deviance/df= 1.13, N= 175
Bold values indicates statistically signiﬁcant results compared to other factors
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measures aimed at inﬂuencing perceptions of risk should to a
larger extent take into consideration how such risks are perceived
(Rundmo and Nordfjaern, 2017).
Because food has cultural, symbolic, familial, and religious
connotations, complete avoidance of food risks is not possible
(Kaptan et al., 2017). Furthermore, familiarity decreases con-
sumers’ feelings of uncertainty and increases perceived control
towards a food product and the beneﬁts of a food product are
more signiﬁcant in the mind of a consumer than risks (Jacobs
et al., 2015). For example, a participant mentioned that ‘she has
been eating rice since she was a child and she has not had any
health issues because of rice. Therefore, she does not think there
is any health risk associated with rice consumption'. This could
also be due to the predisposition of people to believe that they are
less vulnerable to particular risks as perception of personal
exposure to any hazard is higher in geographical areas
characterised by anthropogenic or geogenic pollution (Coi
et al., 2016), as in arsenic endemic areas. Thus “perception of
beneﬁt is based on heuristics (easy decisions and simple intuitive
strategies) whereas risk perception is based on cognitive or
rational information processing” (Ueland et al., 2012). Besides,
there are perceived health beneﬁts of rice consumption over other
food products outweighing the perceived risk of detrimental
health effects arising from inorganic arsenic exposure from rice
intake. Hence, clear, culturally appropriate, and participant
engaged communication about this issue and ways to reduce
risks, such as appropriate cooking techniques, is critical to help
rice-eating communities lower health risks associated with the
consumption of inorganic arsenic containing rice. This commu-
nication might ideally include more speciﬁc advice from the Food
Standards Agency on recommended maximum weekly rice intake
and information from wholesalers and retailers of rice and rice
products as to the inorganic arsenic contents of their products.
Limitations. The main challenges to generalise our ﬁndings to
UK or non-UK populations include (a) geographic and ethnic
differences in study populations (we have already mentioned that
the White British volunteers surveyed in the current study may
not be wholly representative of the UK wide White British
population); (b) difference in magnitude of the problem world-
wide and hence factors controlling awareness among different
populations; and (c) the inﬂuential role of culture and religion in
selection of foods, for example, in Bangladesh people are proud of
their diet consisting of rice and ﬁsh (Cascio et al., 2011).
In this study, participation, particularly from African/Carib-
bean and Bangladeshi ethnic groups was limited. This arguably
highlights a limitation, in particular when stratiﬁcation of a
variable/factor was done. Although the population size of this
study is relatively small, the statistically signiﬁcant results, such as
higher consumption by Bangladeshi populations, are consistent
with previous studies (Cascio et al., 2011).
Though knowledge of arsenic exposure from rice intake as
opposed to general arsenic knowledge could be a more
appropriate factor for risk perception and willingness to change
rice eating habit, the number of participants with knowledge of
arsenic exposure from rice intake (n= 12) was very limited. That
said, our study could be used to reﬂect how people might be
expected to respond to more speciﬁc questions about knowledge
of arsenic. Future studies could be aimed at using more
deliberative approaches to allow for the provision of more
information towards understanding of the factors contributing to
the knowledge gap.
Conclusions
The overall aim of our study was to determine factors associated
with knowledge of arsenic exposure from rice intake; rice con-
sumption and cooking practices; and public perceptions of risks
associated with exposure to arsenic in rice. Results based on the
questionnaire survey of rice-eating communities of Greater
Manchester, UK revealed, ethnicity as a factor strongly associated
with observed differences in rice consumption, arsenic knowledge,
and attitude towards changing rice-eating habits. It was Bangla-
deshi participants who consumed the highest amount of rice but,
together with Pakistani participants, had signiﬁcantly lower
knowledge of arsenic and were less likely to change their rice
eating habits compared to White British participants. A key
ﬁnding of our study is that very few participants were aware of
potential arsenic exposure from rice intake and that is reﬂected in
a lack of willingness to change rice cooking and eating habits. In
this survey, although 42% of Bangladeshi, 11% of Pakistani, 87%
of African/Caribbean, and 92% of White British participants knew
about arsenic toxicity, only seven Bangladeshi and ﬁve White
British participants respectively knew about arsenic exposure from
rice intake. Among those with knowledge of arsenic it was Afri-
can/Caribbean (64%) who were more likely to change their rice
eating habits while 38% of Bangladeshi; 35% of White British and
14% of Pakistani were willing to change as a result of this survey.
Better education, higher weekly expenditure on food and prior
knowledge of arsenic hazard were positively associated with
change in attitude towards rice consumption due to this survey.
Implications. This study provides a basis for further similar but
larger population-based studies. It would be of great signiﬁcance
to determine if the factors associated with rice consumption
behaviour, cooking practices, knowledge of arsenic and percep-
tion associated with exposure to arsenic in rice observed in our
study are representative in populations in other countries.
Besides, determining the difference in risk perception between
countries, where there are recommendations or regulation lim-
iting acceptable arsenic concentration in rice such as in Europe,
with countries where high arsenic in rice prevails, and such
regulations are not enacted such as in South and Southeast Asia
will be of importance.
Table 4 Factors associated with change in attitude towards
rice consumption due to this survey
Factors Odds Ratio 95% CI p
Arsenic knowledge 4.52 1.78–11.53 0.002
Knowledge of nutritional value
of rice
0.38 0.16–0.89 0.025
Ethnicity (Reference: White: English/Welsh/Scottish/Northern Irish/
British)
Asian/Asian British: Pakistani 0.52 0.14–1.93 0.334
Asian/Asian British:
Bangladeshi
0.71 0.20–2.51 0.602
Black/African/ Caribbean/
Black British
3.97 1.13–13.9 0.032
non-White British 1.33 0.53–3.32 0.539
Expenditure on food (Reference < £20)
Expenditure on food (£20–£50) 3.74 1.08–12.98 0.038
Expenditure on food (>£50) 4.90 1.31–18.35 0.018
Education (Reference: primary)
Secondary 3.09 0.9–10.64 0.073
Higher 5.32 1.53–18.57 0.009
Frequency of rice consumption (Reference: twice a week or less)
More than twice a week 1.97 0.91–4.25 0.082
Model: GLM with binomial family and logit link function; N= 177; AIC= 195.8: Deviance/
df= 1.05
Bold values indicates statistically signiﬁcant results compared to other factors
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Data availability
The datasets generated during and/or analysed during the current
study are available from the corresponding author on reasonable
request.
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